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Abstract: Responding to a growing interest from the materials science community for residual
stress, texture, and microstructure analysis, strong efforts are made to enhance existing and
develop novel methods that allow for fast in-situ studies at elevated temperature, measure-
ments under external load, or residual strain, and stress scanning with high spatial resolution.
In the paper, energy-dispersive diffraction using high-energy white synchrotron radiation is
shown to provide some distinct advantages concerning residual stress and texture analysis,
which mainly arise from the fact that the energy-dispersive diffraction mode allows for the
measurement of complete diffraction patterns under fixed but arbitrary scattering angles, 2u.
A new two-detector set-up for simultaneous in- and out-of-plane diffraction analysis, which
has been put into operation recently at the energy-dispersive materials science beamline
EDDI at BESSY II, is introduced by using the examples of real-space residual stress and texture
depth profiling on mechanically treated polycrystalline materials as well as of the in-situ study
of (residual) stress evolution in a thin film at elevated temperature. It will be demonstrated
that the individual measuring problems require the application of different geometrical slit
configurations to define the pathways of the diffracted beams.
Keywords: energy-dispersive diffraction, residual stress, texture, depth profiling, in-situ thin-
film characterization
1 INTRODUCTION
Although the first x-ray diffraction (XRD) experiment
carried out by Laue, Friedrich,and Knipping in 1912
was a white beam – and therefore an energy selective
– experiment, it was more than half a century before
the method of energy-dispersive (ED) diffraction was
introduced in 1968 independently by Giessen and
Gordon [1] and Buras et al. [2]. The reason for this
delay was due to the fact that ED diffraction requires
appropriate solid state detector systems with efficient
photon energy resolution, which were not available
in the early years of XRD. Whereas most of the prog-
ress made in the first decade after the introduction of
the ED method was achieved by employing conven-
tional x-ray sources [3], the modern third-generation
synchrotron radiation facilities available today pro-
vide much better possibilities for advanced white
beam diffraction experiments.
Perhaps the most striking advantage of ED dif-
fraction on polycrystalline materials compared with
angle-dispersive (AD) diffraction is the fact that it
allows the detection of complete diffraction patterns
under fixed but arbitrary scattering directions, 2u.
Therefore it is not surprising that the initial focus of
ED diffraction experiments was on research fields in
physics, chemistry, and materials sciences, which
require a multitude of diffraction lines Ehkl such as
crystal structure determination [4], texture [5] and
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line profile analysis [6], or quantitative phase analy-
sis [7]. Also experiments using complex sample
environments like high-pressure cells, where the
angular range for observing the diffracted beam is
strongly limited by the apparatus used for sample
processing, were reported in the early days of ED
diffraction [8].
The first ED x-ray stress analysis (XSA) experi-
ments were performed in 1977 [9]. Since that time
numerous efforts have been made to develop and
improve methods for ED residual stress analysis,
and to profit from the special features provided by
the ED mode of diffraction, see for example refer-
ences [10] to [13]. However, most XSA experiments
are still performed in the AD diffraction mode with
monochromatic radiation. This might be due to the
fact that only very few (high-energy) white beam
synchrotron beamlines exist, which are designed for
the special demands of residual stress analysis. In
this paper, results on residual stress and texture
measurements carried out at the materials science
beamline EDDI for energy-dispersive diffraction at
BESSY II are presented. With a usable energy range
between about 8 keV and 120 keV it is dedicated to
the study of structure gradients in the outer regions
of surface treated [14] and coated [15] polycrystal-
line materials, but also to texture depth profiling
[16] and in-situ analysis of phase transformations
[17] and micro-structural changes [18, 19] as well as
to chemical reactions during thin-film processing
[20].
This paper deals with lattice strain, texture, and
residual stress analysis based on ED diffraction
measurements in different directions with respect to
the sample reference system. However, in contrast
to conventional XSA experiments, the azimuth
orientation and inclination of the diffraction vector
was not varied by rotating and/or tilting the sample,
respectively, but by a horizontal translation of the
ED detector out of the vertical diffraction plane. The
paper is organized as follows. After a brief introduc-
tion to ED x-ray stress analysis in section 2, the
experimental set-up used for the investigations is
outlined in section 3. Results of residual stress and
texture analysis achieved by applying different con-
figurations of the two-detector set-up are presented
and discussed in section 4. Finally, some concluding
remarks are given in section 5.
2 BASICS IN ENERGY DISPERSIVE X-RAY
STRESS ANALYSIS
In ED diffraction using a white x-ray beam with a
continuous energy spectrum, the Bragg angle, u, and
the diffraction angle, 2u, under which diffraction pat-
terns are measured, can be chosen freely and remain
fixed during the measurement. The relation between
the lattice spacing dhkl and the corresponding reflec-
tion Ehkl on the energy scale follows by combining
the energy relation E=hn=hc/l (where h is Planck’s
constant, c is velocity of light in a vacuum) and the







sin u Ehkl = const  Ehkl (1)
XSA investigations in the near-surface region of qua-
si-isotropic polycrystalline materials are based on
the measurement of reflections hkl and the evalua-





(where dhkl0 is strain-free lattice spacing) for differ-
ent azimuth and inclination angle sets (j,c) of the
diffraction vector ghkl with respect to the sample ref-
erence system S (Fig. 1).
Assuming a biaxial residual stress state of rota-







i3 = 0 (i = 1, 2, 3) holds within the
probed sample volume (the latter condition requires
the absence of lateral gradients of the remaining
stress components), the relation between the elastic





obtained for the diffract-
ing crystallites and the average mechanical stress
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Fig. 1 Diffraction geometry in XSA. S and L denote
the sample reference and the laboratory sys-
tem, respectively. The positive z-axis of the
sample system is directed towards the interior
of the material. The angle set (j,c) defines the
orientation of the diffraction vector ghkl with
respect to S, whereas h describes the rotation of
the sample around ghkl
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2 are the diffraction elastic con-
stants (DEC) being valid for quasi-isotropic poly-
crystalline materials with random texture, which
reflect the elastic anisotropy of the crystallites the
material consists of. The superscripts L and S which
indicate tensor components relating to the labora-
tory and the sample reference system, respectively,
are omitted in the following. With equation (1) the














with Ehkl0 being the energy that corresponds to the
strain-free lattice spacing dhkl0 . If the lattice strains
and stresses vary as functions of the depth, z below
the surface, equation (2) becomes
ehklc zð Þ= 12Shkl2 sin2c+ 2Shkl1
 
sjj zð Þ (4)
Since polycrystal diffraction methods always
require a sufficiently large sampling volume defined
by beam limiting slits or masks to assure satisfactory
crystallite statistics, the real- or z-space profiles can-
not be measured directly, but have to be evaluated
from the experimentally obtained depth profiles by
rather complex mathematical formalisms like
inverse Laplace transform [21] and/or deconvolu-
tion procedures [22]. A general formulation for the
information depth, to which the measured diffrac-




zw x, y, z, u,c,hð Þ em Eð Þ k u,c,hð Þ zdxdydz
ÐÐÐ
VGV
w x, y, z, u,c,hð Þ em Eð Þ k u,c,hð Þ zdxdydz (5)
where m and k are the energy-dependent effective
linear absorption coefficient and geometry factor,
respectively. The geometrical weight function
w x, y, z, u,c,hð Þ describes the shape of the gauge
volume (GV), which is that part of the sampling vol-
ume which lies inside the sample. The exponential
term in equation (5) considers the attenuation of
the x-ray beam by matter given by Beer’s law.
For large-slit apertures in the primary and the dif-
fracted beam, which are used in conventional XSA
experiments, the shaping function w x, y, z, u,c,hð Þ
can be neglected. In this case the information depth
only depends on the absorption factor and equation
(5) takes the form hzi= t = 1/mk, which is called the
1/e information depth. On the other hand, if narrow
slits are used to define a very small sampling vol-
ume for high-resolution strain [23] or stress [24]
scanning experiments in the real space, the
absorption within the GV is usually neglected and
the information depth is then given by the position
of its geometrical centroid below the surface. The
examples in this paper belong to the latter class of
depth-profiling experiments.
3 EXPERIMENT DETAILS
The experiments presented in the following sections
were carried out on the materials science beamline
EDDI for ED diffraction, which the Helmholtz-
Zentrum Berlin fu¨r Materialien und Energie has
operated since 2005 at the synchrotron storage ring
BESSY II. Technical details and performance data of
the beamline have been reported in detail in refer-
ence [14]. The white synchrotron beam with usable
photon energies between about 8 keV and 100 keV is
provi-ded by a superconducting 7T multipole wig-
gler. Therefore, in contrast to other materials sci-
ence beamlines such as the ID15a at the ESRF in
Grenoble or the new HEMS beamline at PETRA III
in Hamburg, EDDI is a ‘medium-energy’ beamline
with its main scientific focus on the characterization
of structural gradients in the near surface region of
materials and technical parts. Figure 2 shows the
two-detector set-up which is now available at the
EDDI beamline. It was realized by means of a x–z-
translation stage at the back wall of the experimen-
tal hutch, which allows for a z-translation of the
detector D0 within the vertical diffraction plane and
for independent x- and z-translations of the detector
D1 in order to adjust diffraction conditions for
simultaneous data acquisition out of the vertical dif-
fraction plane.
In order to define a small sampling volume ele-
ment, slit systems with small equatorial aperture are
placed in front (S2#) and behind (S3#/S3##) the sam-
ple, respectively as well as in front of both detectors
(not labelled in Fig. 2). All slits are parallel to each
other in order to ensure a small divergence, D2u
(i.e. a high energy resolution in the diffraction
patterns) and a high out-of-plane resolution for
depth profiling. The sampling volume height can be
adjusted between about 10mm and 50mm depend-
ing on the measuring problem [16, 25]. The
configuration with one entrance slit S3# for the dif-
fracted beam(s) is applied to high-resolution depth-
profiling experiments using two detectors, as will be
demonstrated in section 4.1. In this case the equa-
torial slit S3# has to be placed as close as possible
behind the sample to assure that both the beam dif-
fracted into the detector D0 and that detected by
detector D1 can pass this slit (case I in Fig. 2). Since
that way both beams originate from the same GV,
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this one-entrance-slit set-up can be used for simul-
taneous lattice strain analysis in different directions
of the diffraction vector with respect to the gauge
volume, that is, the sample reference system (see
Fig. 1).
For in-situ ED diffraction experiments that
require voluminous sample environments such as
reaction chambers for thin-film processing, the dis-
tance between the two diffracted beams (recorded
in D0 and D1) at the place where they pass the
entrance slit S3# becomes too large for employing
only one slit. This problem was solved by using a
two-entrance-slit set-up (case II in Fig. 2) as demon-
strated in section 4.2. However, this configuration is
at the expense of (depth) resolution, because the
positions of the GVs defined by slits S3# and S3##
may diverge to a certain extent, since they have to
be aligned separately.
Figure 3(a) displays the c-angle range which can
be realized by means of a horizontal translation x of
the detector D1. Because a horizontal shift out of
the vertical diffraction plane leads also to an
increase of the diffraction angle 2u1 for detector D1
(see Fig. 3(b)), careful calibration with stress-free
standard powders is necessary to evaluate the exact
(2u1,c) angle set for each (x, z) detector position.
4 APPLICATION OF THE TWO-DETECTOR
SET-UP TO ENERGY-DISPERSIVE STRESS AND
TEXTURE ANALYSIS
4.1 Real-space depth profiling
4.1.1 Near-surface residual stress scanning in shot-
peened steel
The first example demonstrates the application of
the one-entrance-slit set-up to high-resolution resi-
dual stress depth profiling in the z-space, which
means that any information on lattice strains and
residual stresses evaluated from the diffraction data
Fig. 2 Schematic view of the different detector set-ups
available at the EDDI beamline for real space
residual strain/stress and texture depth profil-
ing and for in-situ thin-film stress analysis,
respectively. Case (I): The diffracted beams
analysed with the detectors D0 and D1 mou-
nted in the x–z-translation stage 1.6m behind
the sample pass one and the same slit S3# (one-
entrance-slit configuration). Case (II): The dif-
fracted beams pass different slits S3# and S3##
(two-entrance-slits configuration). For experi-
ments employing the two-detector set-up, the
2u-detector arm of the basic diffractometer unit
is in a parking position where it does not dis-
turb the diffracted beams. See text for further
details
Fig. 3 Correlation between the (x, z) position of detec-
tor D1 in the translation stage and the angle set
(2u1, c) which characterizes the diffraction geo-
metry. The distance between the sample and
the stage is 1600mm and the point (0,0) coin-
cides with the position where the primary beam
would hit the stage. The three diffraction angles
2u0 of 5, 7.4, and 10 chosen for the calcula-
tions correspond to vertical distances (0, z)
from the primary beam of z=140mm, 208mm,
and 282mm, respectively
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is assigned to the centroid position hzi of the gauge
volume according to equation (5). The principle of
this stress scanning method [24] may be understood
by means of Fig. 4. From the sampling volume
which is defined by the narrow slits, S2# and S3#,
diffracted intensity is scattered through the slit, S3#
and intersects the detector translation stage in the
horizontal line, D–D#. According to the diagrams
shown in Fig. 3, any detector position along D–D# is
related to an angle set (2u1,i, ci). Starting from (2u0,
c0 = 0), which corresponds to diffraction in the verti-
cal plane, the measuring direction within the sam-
pling volume can be varied by translating the
detector along D–D# without changing the orienta-
tion of the gauge with respect to the sample system.
Thus, strain depth scanning experiments can be
performed without loss in spatial (i.e. depth) resolu-
tion for different c, which allows the use of the sin2c
method to the dhklc data sets obtained in distinct
depths hzi (see equation (5)) below the surface (see
Fig. 4(b)).
Figure 5 shows the lattice strain and residual
stress depth profiles obtained by applying the pro-
cedure outlined above to a roller bearing steel
100Cr6 in a hardened and tempered state, which
was ground and subsequently shot-peened. The
normalized strain depth profiles, ehklc zð Þ in Fig. 5(a)
were recorded for three horizontal detector posi-
tions and show a clear dependency on the respec-
tive inclination angle, c. In accordance with the
residual stress gradient in Fig. 5(b), the effect of
transverse contraction leads to positive (tensile)
strains for c= 0, whereas the negative (compres-
sive) strains observed for c= 57 evidence the direct
impact of the compressive stress state. For c= 40,
which is close to the strain-free direction c* of the






2 , the strain is about zero
within the total investigated depth range, thus indi-
cating the absence of pseudo-macro residual stress
gradients in the normal direction, s33.
The residual stress depth profile in Fig. 5(b) was
evaluated by applying the sin2c method to the indi-
vidual strain data sets as shown in the inset panel.
The results were verified by the layer removal met-
hod and show a distinct maximum of the compres-
sive residual stresses about 30mm below the
surface. At a depth of about 90mm the residual
stresses change their sign into tensile residual stres-
ses, which must balance the compressive residual
stresses generated by the shot-peening treatment in
the surface.
4.1.2 Through thickness texture profiling in the Mg
alloy AZ31
The example introduced in this section is to illus-
trate how depth-resolved texture analysis can profit
from the features of ED diffraction performed
simultaneously with two detectors. For the
investigations a wrought rolled AZ31 magnesium
alloy was selected as a ‘model’ material because of
the low absorption of Mg. The experiments reported
here continue previous ED texture measurements
carried out on the same sample using only the
detector D0. The respective results showed that the
ED method is well suited to detect the texture depth
gradient over the sample cross-section which was
introduced by bending the Mg alloy plate, for details
see reference [16].
Since intensity depth profiling in reference [16]
was performed without any sample tilt or rotation
and only within the vertical diffraction plane, the
accessible information on the crystallite orientation
distribution was restricted to the normal direction
of the sample. For pure fibre textures with rotational
symmetry of the intensity distribution in any depth
z, the analysis of complete diffraction patterns mea-
sured in the direction of the fibre axis would be suf-
ficient to evaluate the texture with respect to both
the fibre component(s) and its/their strength. In the
present case, however, a more complex texture is to
Fig. 4 Schematic view of the stress scanning method
based on ED diffraction [24]: (a) geometrical
set-up; and (b) principle of residual stress depth
profiling in the z-space
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be expected which at least reflects the symmetry of
the mechanical sample treatment in the form of
uniaxial bending around an axis perpendicular to
the normal plate. For this reason, in the second step
of the investigation use was made of the two-detec-
tor set-up and the one-entrance-slit configuration in
order to measure and analyse ED diffraction pat-
terns in directions which are inclined by different
angles, c with respect to the normal sample surface.
Figure 6 shows the sample geometry as well as an
EBSD mapping performed on the cross-section,
which clearly indicates the texture gradient gener-
ated by sample bending [16].
The measurements underlying the diagrams in
Fig. 7 follow the same principle which already has
been applied to the stress scanning method intro-
duced in the previous section (see Fig. 4). The only
difference is that in the present case the integrated
intensities of the reflections Ehkl are considered
instead of the lattice strains. Therefore, the diagram
in Fig. 7(b) represents to some extent the equivalent
to the strain depth profiles shown in Fig. 5(a). From
the intensity depth profiles in Fig. 7(b) it can be
seen clearly that the increase in the integrated
intensity of the E0002 reflection from area I towards
area II (see Fig. 6) becomes the stronger the smaller
the inclination angle, c between the normal sample
and the measuring direction was chosen. This find-
ing agrees well with the texture gradient analysed by
means of the EBSD method (Fig. 6(b)), which
indicates a transition from a [1 0 1 0]-texture on top
of the sample (area I) into a [0 0 0 1]-texture on the
bottom (area II).
More detailed information on the orientation dis-
tribution, for example within the plane spanned by
the sample normal (c= 0) and the rolling direction,
RD (j= 90, c= 90), can be obtained from a hori-
zontal x-scan of the detector D1, which leads to a
depth z [mm] 
























ψ = 0° (2θ = 6.2°) 
ψ = 40° (2θ = 8.0°) 
ψ = 57° (2θ = 11.5°) 
(b)
Fig. 5 ED residual stress analysis on a ground and subsequently shot-peened steel 100Cr6
employing the stress scanning method. The height of the sampling volume was 13mm. (a)
Normalized lattice strains ehklc zð Þ obtained for three orientations c which correspond to the
2u angles in the brackets. Inset: example of the sin2c residual stress evaluation at fixed
depth. (b) Real-space depth profile s zð Þ evaluated by means of the stress scanning method
and the layer removal technique [24, 26]
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variation of the inclination angle c without chang-
ing the orientation between the sample and the
gauge volume (see Figs 3 and 4). Figure 7(c) shows
the respective results for the depth areas I and II.
Although the covered c-range of about 20 is rather
small, it is to be seen that the considered E0002-
reflection is sensitive to the c-variation only in area
II. Therefore, it reflects the [0 0 0 1] texture on the
bottom of the sample. For area I, on the other hand,
the intensity decrease is small compared to area II
and has to be attributed mainly to geometrical
effects and to the influence of the linear horizontal
polarization of the synchrotron photons.
The E0002-intensity distribution in Fig. 7(d) was
obtained from a j-rotation scan performed at c=30.
It displays the same twofold symmetry as to be seen
in the pole figures in Fig. 6(b). However, the effect is
significantly more pronounced for top area I which is
characterized by the orientation relations [1 0 1 0] ||
ND and [0001] || TD than for the bottom area II with
is closer to a real fibre texture [0001] || ND.
Finally, it has to be emphasized that intensity dis-
tributions as shown in Figs 7(b) to (d) for the E0002
reflection are available for all the reflections Ehkl
appearing in the diffraction patterns in Fig. 7(a).
Thus, an evaluation of complete ED diffraction pat-
terns measured for various angle sets (j,c) using the
method outlined above in different regions z should
allow in the future for an analysis of intensity as well
as strain pole figures and, therefore, for combined
depth-resolved texture and residual stress analysis.
4.2 In-situ ED thin-film stress analysis using the
two-detector set-up
Another advantage of ED diffraction is considered in
the following example. It consists in the possibility
of doing diffraction experiments using a complex
sample environment where it is difficult to ‘thread’
both the incoming and the diffracted beam(s)
through the apparatus. Such experiments benefit
from two features of high energy ED diffraction: (1)
the measuring direction(s) can be chosen arbitrarily
and therefore, in such a way that the beams can
pass special entrance and exit windows of the devic-
es; and (2) the high energy photons can penetrate
even thick chamber walls and windows made, for
example, of aluminium, which may simplify the
device construction.
Figure 8 shows the experimental set-up used at
the EDDI beamline for real-time studies on the rap-
id thermal sulphurization of Cu–In thin film systems
[27]. The ED-XSA investigations presented here
were performed on a 500nm thick Mo-film which
serves as back contact for Cu(In,Ga)S2 and
Cu(In,Ga)Se2 solar cells. The sample was produced
by sputtering molybdenum on a glass substrate
with a sputter pressure of 1 mbar. For in-situ stress
analysis the sample was heated up in the vacuum
chamber shown in Fig. 8(b) to 500 C within 30min
and held in this condition for 5min. Subsequently,
cooling down was done within 60min.
During the temperature cycle diffraction patterns
were recorded with an integration time of 20 s
employing the two-detector set-up and the ‘two-
entrance-slit’ configuration shown in Fig. 8(a). From
the diffraction patterns in Fig. 9(a) it can be seen
that the larger diffraction angle used for data acqui-
sition in detector D1 leads to a compression and
shift of the diffraction lines towards smaller ener-
gies, whereas the position of the fluorescence lines
remains unchanged. Stress evaluation on the basis
of the sin2c method was performed for the Mo-110
reflection, which is the only one that appears with
sufficient intensity under both diffraction condi-
tions. Absolute calibration of the stress versus tem-
perature curve was done by means of room
temperature sin2c XSA measurements, which have
been carried out before in the laboratory in the AD
mode of diffraction.
Fig. 6 (a) Schematic illustration of the bent AZ31 Mg
alloy showing the region of interest for the ED
texture studies. The two areas I and II mark the
depths selected for the intensity diagrams
shown in Fig. 7. (b) EBSD inverse pole figure
map (left) and pole figures evaluated for the
areas I and II (right). The dashed circles mark
the inclination angle c= 30 used for the j-rota-
tion scan in the depth areas I and II shown in
Fig. 7(d). For more details on the texture distri-
bution within the sample the reader is referred
to reference [16]
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The sMojj Tð Þ plot shown in Fig. 9(b) has to be dis-
cussed on the basis of the different thermal expan-
sion coefficients of the Mo-film (aMo= 51026 K21)
and the glass substrate (aglass = 9.51026 K21).
Starting at room temperature from a high intrinsic
compressive residual stress level of about 1400MPa
which is due to the sputtering process, an onset of
stress release is observed immediately after the
beginning of the heating process. Then, the sMojj Tð Þ
curve follows the temperature profile and reaches its
maximum (i.e. the maximum value of stress release)
at the temperature plateau of 500 C, before it drops
to about –1150MPa at the final temperature in the
process of 120 C. Assuming a temperature depen-
dency of DaMo,glassEMo ’ 1.5MPaK21 for the ther-
mal film stress, extrapolation to room temperature
would yield about –1300MPa, which is close to the
result of –1253640MPa obtained afterwards by
AD-XSA performed in the laboratory. Furthermore,
the maximum difference |sMojj Tmaxð Þ sMojj RTð Þ|
observed during the experiment, which is between
about 700MPa and 900MPa (depending on whether
the stresses after or before the process are consid-
ered, respectively), is in good agreement with the
theoretical value of about 720MPa that is expected to
arise for the temperature profile in the present heat-
ing cycle.
5 CONCLUDING REMARKS AND OUTLOOK
The ED diffraction method has a versatile field of
applications, since it combines high flexibility
regarding the multitude of possible experimental
Fig. 7 ED texture investigations performed on the sample introduced in Fig. 6. (a) Diffraction pat-
terns recorded under 2u0 = 9 with detector D0 in the depth areas I and II marked in Fig. 6.
(b)–(d) Intensity distributions for the E0002 reflection: (b) z-depth profiling with detector
D0 (2u0 = 9, c=0) and with detector D1 in two different horizontal positions which corre-
spond to tilts of the diffraction vector towards RD of c=16 (2u1 = 9.24) and c=30
(2u1 = 11.57), respectively; (c) horizontal x-scan with detector D1 in the depth areas I and
II performed in the RD direction (j=90, see Fig. 6(a)); and (d) j-rotation in the depth
areas I and II recorded with detector D1 under c= 30
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set-ups and configurations with a high information
content contained in the diffraction patterns. In this
paper a two-detector set-up which is now available
at the EDDI beamline at BESSY II was introduced by
means of examples from different fields of (residual)
stress and texture analysis. It was demonstrated
that the simultaneous acquisition of ED diffraction
patterns with two detectors does not only mean a
simple doubling of information but that it may
result in a new quality of diffraction stress and tex-
ture analysis experiments.
Cases of residual stress and texture depth profil-
ing in the real space were considered which are
based on the same measuring principle. It consists
in the use of two narrow slits in the primary and the
diffracted beam path, respectively, in order to
Fig. 8 (a) The two-entrance-slit-set-up at the EDDI beamline (see Fig. 2) for in-situ study of thin-
film reactions seen in propagation direction of the synchrotron beam. The two wires
spanned between the sample and the detectors are used to align the slits S3# and S3##. (b)
The reaction chamber for rapid thermal processing of thin films for solar cell fabrication is
mounted on a hexapod stage in front of the secondary slit systems shown in (a)
Fig. 9 (a) ED diffraction patterns recorded simultaneously with the detectors D0 and D1 for a 500
nm thick molybdenum film on a glass substrate. (b) sin2c-based in-situ film stress analysis
performed using the lattice spacings d110
c=08
Tð Þ and d110
c=69:758
Tð Þ which were evaluated from
the diffraction patterns shown in (a). Evaluation of the exact angular positions 2u0 (detec-
tor D0) and (2u1, c1) (detector D1) was done by means of stress-free LaB6 powder. s
RT
denotes the film residual stress measured at room temperature before and after the heat-
ing cycle in the AD diffraction mode in the laboratory
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measure diffraction patterns with two detectors in
different sample directions, which arise from the
same small GV. Each ED pattern includes a multi-
tude of diffraction as well as fluorescence lines con-
taining full information on phase specific lattice
strain, crystallographic texture, and the materials
microstructure. Therefore, a future goal of ED dif-
fraction analysis will be to merge high-resolution
residual stress-, texture-, and microstructure depth
profiling in one experimental and evaluation proce-
dure. A significant challenge is to quantify exactly
the orientation- and energy-dependent instrumental
line broadening function, which is affected by both
the diffraction geometry and the rather poor abso-
lute intrinsic resolution of the ED solid state germa-
nium detectors.
The second class of applications for the two-
detector set-up are fast in-situ studies on thin-film
growth processes. By the simple example of a single
film on a glass substrate it was shown that it is pos-
sible to monitor in real time the stress evolution
during a heat treatment. It is planned to extend
these investigations to more complex multilayer sys-
tems and to take also into account texture and
direction-dependent microstructure evolution with-
in the individual sublayers of the coatings.
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